The characterization of stimulated Brillouin scattering (SBS) in an elliptic-core two-mode fiber (TMF) is experimentally demonstrated, where a mode selective coupler is applied for selective launching of LP 01 or LP 11 mode to the TMF. The intermodal SBS between counterpropagating LP 01 and LP 11 modes is observed for the first time, and its properties are presented in comparison with those of the SBS between identical modes.
The experimental configuration for the investigation of the SBS in a TMF is shown in Fig. 2 . A 1550 nm DFB laser diode (LD) was used as a light source, and the output was divided by a 50/50 coupler into the pump and the probe arms. The probe wave was generated by a single-sideband modulator (SSBM) and a microwave synthesizer with the optical frequency downshifted from the carrier in the vicinity of the Brillouin frequency ( B ) of the fiber (~ 10.64 GHz). The pump and the probe waves were amplified by Er-doped fiber amplifiers (EDFA) respectively, and launched to a fiber under test (FUT) in opposite directions. A 125 MHz photo detector was used to measure the probe signal after the FUT. A 100 m e-core TMF was used as the fiber under test, which guides only LP 01 and LP 11 even modes with LP 11 odd mode cut-off at the operation wavelength [7] . The structure of the FUT is depicted in the inset ('FUT') of Fig. 2 . One end of the FUT was spliced to a lead fiber of the probe arm with some transverse offset so that the input power ratio of LP 01 /LP 11 mode in the probe wave was about unity. A MSC is located at the other end of the FUT for both selective launching of the LP 01 or the LP 11 mode for the pump, and separation of the LP 01 and the LP 11 mode in the probe wave. The BGS under different mode combinations for the pump and the probe waves were obtained by choosing proper ports of the MSC for the input of the pump and the output of the probe as listed in Table I . 
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For the measurement of the BGS, lock-in detection was applied by inserting an electro-optic modulator (EOM) as a chopper of the pump (inset 'A' in Fig. 2) , and the frequency offset of the pump and the probe waves are swept from 10.2 to 11.2 GHz. The measured BGS for each combination of pump and probe waves are shown in Fig. 3 It is notable that an intermodal SBS between the LP 01 and the LP 11 mode is clearly seen, and the spectral width and the  B is slightly (~ 3 MHz) different from that of the LP 01 -LP 01 modes. The intermodal SBS is thought to originate from the scattering by an anti-symmetric acoustic mode such as L 11 mode [8] excited by the interference of the counter-propagating LP 01 and LP 11 modes. Meanwhile, in the case of LP 11 -LP 11 modes, two dominant peaks are observed with large difference in the  B 's from the other cases, which seems to be attributed to the excitation of the higher-order acoustic modes. For accurate measurement of the Brillouin gain, a Gaussian pulse with a width (FWHM) of 50 ns was propagated as the probe (inset 'B' in Fig. 2 ) at repetition rate of 90 kHz, and the time trace was recorded with 32 times of averaging. The Brillouin gain with respect to the pump power is depicted in Fig. 4 with a linear fit for different pairs of the mode. It is remarkable that the gain coefficient of the intermodal SBS between the LP 01 and the LP 11 modes is about 52% of that of the SBS between the LP 01 modes, while the amplitude of the SBS of the LP 11 -LP 11 modes is much smaller (~ 6%).
III. CONCLUSIONS
The spectrum and the gain coefficient of the SBS in an e-core TMF were measured for different mode pairs using a MSC. The intermodal SBS was observed for the first time between the counter-propagating LP 01 and LP 11 modes, and the gain coefficient was measured which was more than half of the case between the LP 01 modes. We think the phenomenon of the intermodal SBS can be applied to variable applications of two-or few-mode fibers, potentially providing unique functions such as mode coupler, modal filter or mode-selective amplifier. .06
